Covalent binding of benzo [alpyrene to poly(G) was studied with the use of a radioactive assay and specifically labeled substrates to define the role of the 1,3-and 6-positions of the hydrocarbon during this process. Binding was shown to be dependent on microsomes, NADPH, 02 and poly(G). 7,8Benzoflavone and 2',2'-diethylaminoethyl-2,2-diphenyl valerate were inhibitory whereas modulators of epoxide hydrase activity had little effect. Benzo[a]pyrene (BaP) when activated chemically and photochemically (1-3) or enzymically (4-6) will undergo covalent binding to nucleic acids and proteins. The hydrocarbon can be metabolized by microsomal cytochrome P-450 monooxygenases and it is these enzymes which are thought to activate polycyclic aromatic hydrocarbons (PAH) to bind to cellular macromolecules (7). Although P-450 monooxygenases occur primarily in endoplasmic reticulum, they have been reported in other subcellular fractions as well (8), and BaP binding to DNA has also been reported to be catalyzed by rat liver nuclei (9).
tion of the hydrocarbon was not metabolized during covalent attachment to poly(G) and, furthermore, results with [1,3,& 3H]benzo[a pyrene suggest that the 1-and 3-positions may not be involved either. After scaling up of the standard assay 20-fold, characterization of the tritiated BaP-poly(G) complex was carried out by hydrolysis and subsequent chromatography. Thin-layer chromatography of the isolated hydrolysis products treated with HCl or allaline phosphatase indicated that the complex formed between BaP and polyG) was covalently linked and composed of hydrocarbon-ucleotide(s).
Benzo [a] pyrene (BaP) when activated chemically and photochemically (1-3) or enzymically (4-6) will undergo covalent binding to nucleic acids and proteins. The hydrocarbon can be metabolized by microsomal cytochrome P-450 monooxygenases and it is these enzymes which are thought to activate polycyclic aromatic hydrocarbons (PAH) to bind to cellular macromolecules (7) . Although P-450 monooxygenases occur primarily in endoplasmic reticulum, they have been reported in other subcellular fractions as well (8) , and BaP binding to DNA has also been reported to be catalyzed by rat liver nuclei (9) .
Although several positions on BaP have been proposed to be involved in covalent binding of the hydrocarbon to nucleic acids, very little evidence exists concerning this or the more fundamental question of the resultant chemical structure of the complex. The 4,5-(10) and the 7,8,9-and 10-positions (11) of BaP have been proposed as possible sites of activation. Evidence obtained from isotopic exchange studies led to the suggestion (12, 13) that covalent linkage of BaP could occur at the positions 1-, 3-, and 6-. Labeling studies (14) and the observation that 6-hydroxybenzo[ajpyrene (6-hydroxyBaP) covalently binds to DNA (15, 16) [1, 3, 6 -3H]BaP were synthesized as described (17) . The labeled compounds were purified by TLC prior to use. Chromatography was carried out on glass plates coated with 0.2 mm of silica gel G and developed in a solvent system of benzene-ethanol (19:1).
Microsomes. Male Sprague-Dawley rats (Simonsen Laboratories, Gilroy, Calif.) weighing approximately 200 g were given 3-methylcholanthrene in corn oil by intraperitoneal injection at a dose of 25 mg/kg body weight 48 hr before sacrifice. Animals were sacrificed by decapitation and the livers were immediately removed and chilled in ice-cold 0.9% NaCl. Subsequently, operations were carried out at 4°. After the tissue had been minced it was suspended in two volumes of 0.05 M Tris-base, 0.25 M sucrose, 0.1 mM dithiothreitol at pH 7.5 (Tris-sucrose) buffer, and a cell extract was prepared with a glass-Teflon tissue homogenizer. The extract was centrifuged at 1500 X g for 10 min, then 10,000 X g for 30 min and finally 100,000 X g for 90 min. The resultant pellet was washed twice by resuspension in Tris-sucrose and resedimentation. The 100,000 X g pellet, or microsomal fraction, was dispersed in Tris-6ucrose at a protein concentration of 16 mg/ml. Analytical Procedures. Protein concentration was determined by the method of Lowry (18) with bovine serum albumin as reference standard. Counting of 3H and "4C was carried out on a Packard liquid scintillation spectrometer (model 3380). 3H/14C ratios were determined from efficiency quench curves constructed with the use of sealed stan- (26) . § An inhibitor of epoxide hydrase (26) . ¶ An activator of epoxide hydrase (26 (22) . In further support of cytochrome P-450 participation in activating BaP was the observation that preincubation of microsomes with NADPH, i.e., in the absence of BaP, resulted in a marked reduction of binding (Table 1) .
Epoxide hydrase inhibitors have been reported to stimulate covalent binding of PAH to nucleic acids, possibly by accumulating epoxide intermediates (23) (24) (25) . However, when assays were carried out with epoxide hydrase inhibitors, trichloropropene oxide and cyclohexene oxide (26) , binding was slightly decreased while the use of glycidol and styrene oxide had very little effect (Table 2) . If.a diol-epoxide was an intermediate, as has been proposed (11), hydrase inhibition would decrease diol formation and, thus, binding. (27) . To te. the 6-position, assays were carried ( ( (15, 16) , these res position is not metabolized during enzyr of the hydrocarbon to poly(G). )proach (28 in glysodic bond cleavage which would explain the resulting mobility of tritium on TLC from both enzyme and base hydrolyzed complexes. Tritium mobility changed after alkaline phosphatase treatment from the chemically derived hydrolysis products, but not those from enzymes, suggesting that base hydrolysis produced BaP-mononucleotides while the enzyme procedure yielded BaP-oligonucleotides. Recent studies have shown that enzyme digests of carcinogen-DNA complexes chromatographed on Sephadex LH-20 result in most of the radioactive hydrocarbon eluting at the solvent front (11) . These results could also reflect a resistance to hydrolysis which would explain why most of the radioactivity eluted with oligonucleotides.
The chromatographic data demonstrate that microsomal enzymes catalyze covalent complex formation between BaP and poly(G). Binding has also been shown to proceed in the absence of metabolism at the 1,3-and 6-positions. Thus, it is likely that one or more of the positions 2,4,5, and 7 through 12 are involved in the binding of the hydrocarbon to poly(G). The 4-and 5-positions have recently been questioned (25) . Therefore, it is more likely that the 7,8,9-and/ or 10-positions are involved, and evidence supporting this view has been obtained (30) . 
